Methods B and D allowed COI amplification in all insects, while techniques A, C and E were successful in DNA amplification from insects up to 12 years old. The technique F, the fastest, was useful in insects up to 4 months-old. Finally, we adapted permanent slide preparation in Canada balsam for every technique. The results reported allow for combining morphological and molecular methodologies for taxonomic studies.
Abstract: Due to the tiny size of microhymenoptera, successful morphological identification typically requires specific mounting protocols that require time, skills and experience. Molecular taxonomic identification is an alternative, but many DNA extraction protocols call for maceration of the whole specimen, which is not compatible with preserving museum vouchers. Thus, non-destructive DNA isolation methods are attractive alternatives for obtaining DNA without damaging sample individuals. However, their performance needs to be assessed in microhymenopterans. We evaluated six non- 
Introduction
The majority of the molecular techniques developed for extracting DNA from insects (and other organisms) require full or partial destruction of specimens resulting in the loss of morphological information (Favret 2005; Castalanelli et al. 2010) . This is problematic if it is not possible to completely macerate a sample (or the required portion of it), for example, because the specimens belong to scientific collections or are unique or "type" specimens that serve as taxonomic references. This is particularly relevant in the case of samples that are to be included in the global bioidentification system known as the Barcode of Life Database, which requires adding genetic information, a voucher specimen, photographs and morphological classification (Hebert et al. 2003) . To overcome this, researchers have developed semi-destructive and non-destructive DNA extraction techniques, in which the insect's abdomen is punctured (Favret 2005; Castalanelli et al. 2010) , a body segment is removed (Smith 2005) or the specimens are fully immersed in extraction buffers (Gilbert et al. 2007; Porco et al. 2010; Tin et al. 2014) . Sonication has also been used in nondestructive methods (Hunter et al. 2008) . DNA extraction methodologies based on boilingfreezing process have also been shown to be effective in isolating bacterial DNA and protein (Bej et al. 1991; Abd-Elsalam et al. 2011 ) and improving DNA extraction yields in yeasts (Almeida et al. 2012; De Baere et al. 2002) .
The techniques of DNA extraction mentioned above have been developed in groups of non-insect arthropods (i.e., spiders and springtails) (Porco et al. 2010) , or relatively large D r a f t 5 insects like beetles (Gilbet et al. 2007; Thomsen et al. 2009 ), but not in taxonomic groups such as the microwasps. Microhymenoptera are often employed as biological control agents of insect pests, and some of them have been used worldwide in applied programs for the past 100 years. Representative specimens of these insects, such as the families Mymaridae, Trichogrammatidae, and Aphelinidae among others, can measure less than 0.5 mm in length (Gibson et al. 1997) . In addition to their tiny size, museum specimens are delicate and usually require mounting on permanent slides into resin (Canada balsam).
Unfortunately, there is no procedure for sequencing type specimens after mounting in resin, which makes it necessary to extract DNA before preparation of slides. Likewise, most published methodologies for preservation of microhymenopterans do not include recommendations for extraction or preservation of their DNA (Noyes 1982; Platner et al. 1999; Walker & Crosby 1988; Wirth & Marston 1968) . There is also a lack of information about the effect of "storage" time or preservation method (alcohol, resins, natural drying and critical point drying) on DNA recovery. Therefore, advances in molecular and morphological identification must ideally be combined to capture the maximum amount of information.
The objective of this study was to evaluate six non-destructive DNA extraction methodologies and to determine whether it is possible to obtain complete sequences of COI in several species preserved for varying lengths of time; 1 day, 4 months, 3 years, 12 years and 23 years. In addition, the states of the post extraction insects were evaluated to D r a f t 6 determine the effect of chemical solutions and temperatures on morphological characteristics. These morphological alterations should be considered when adapting permanent slide mounting techniques.
Materials and Methods

DNA Extraction
In order to determine the effectiveness and quality of DNA extraction processes, we selected five different microhymenopteran samples: two samples from different localities belonging to the family Trichogrammatidae (both Trichogramma pretiosum), two from the family Mymaridae (Gonatocerus and Anagrus) and one from the family Eulophidae (Tamarixia radiata). These hymenopterans represented different periods of conservation (i.e. 23 years, 12 years, 3 years, 4 months, 1 day) ( Table 1) . Each combination of a unique sample age and extraction method was performed in triplicate, and each methodology was evaluated according to the absence or presence of the expected DNA band in the PCR amplification, the intensity of this DNA band in the agarose gel electrophoresis.
DNA aliquots obtained from the youngest and oldest specimens from A, B, C, D, E and F extraction method were sequenced. The PCR products of the COI sequences were purified and sent for direct, Sanger sequencing to Genomic Services at CINVESTAV-
LANGEBIO (Irapuato, Guanajuato, Mexico). Sequences were aligned using Mega 6.06
software (Tamura et al. 2013 ) and published in GeneBank.
For all techniques, the amount of lysis buffer was adjusted according to the size of specimens, which ranged from 0.25 mm to 1 mm in length. Prior to DNA extraction, the specimens were preserved in ethanol (EtOH), and then dried for ten minutes on a filter paper. Dried specimens preserved in gelatin capsules were placed directly into the lysis buffer ( Table 1 ). The methodologies are as follows:
. The specimen was placed in 100 µL lysis buffer ATL, mixed with 20 µL of proteinase K, and incubated for 12 h at 55 °C.
Subsequently, the mixture was transferred to a new 1.5 ml sterile tube. This mixture was used to continue total DNA purification using a spin-column protocol detailed by the manufacturer. Finally, the DNA was suspended in 20 µL of preheated TE buffer at 65 °C. Scientific incubator). After digestion, the buffer was transferred to a new 1.5 ml tube.
Subsequently, the nucleic acids were purified from the lysis buffer through extraction by phenol:chloroform, which was added to each sample in the same volume as the recovered lysis buffer and then mixed by vortexing. The mixture was then centrifuged for 10 min at 14,000 rpm and 22 °C. The supernatant was taken and placed in a new sterile 1.5 ml tube.
Later, 0.6 and 0.1 volumes of cold isopropanol and cold ammonium acetate were added to the supernatant. The solution was gently mixed by inversion and centrifuged at 14,000 rpm for 25 min to form a DNA pellet. The supernatant was discarded, the pellet washed twice with 85% EtOH, and then centrifuged at 14,000 for 5 min. Finally, the pellet was dried with the open tubes facing up, and then it was resuspended in 40 µL of TE Buffer. PCR products were visualized by electrophoresis in a 1% agarose gel stained with GelRed™ Nucleic Acid Gel Stain (Biotium, USA) to confirm amplification of samples, intensity of bands, the presence or absence of non-specific products, and non-amplification of a no template control (NTC).
Slide mount. In microhymenopterans, most small specimens need to be mounted on a slide to be identified. were not used in any extraction method) under a microscope.
Specimens sufficiently clarified after DNA extraction were transferred directly to clove oil, without clearing with KOH or dehydration by ethanol. Finally, the specimens were mounted with Canada balsam as described above and analyzed under a microscope.
Results
DNA extraction
A summary of the extraction methods, as assessed by the presence of the COI-PCR amplified bands (~ 680 bp) is shown in Figure 1 . Numbers of samples with positive PCR products of each extraction are shown in Table 2 .
The intensity of the band in the agarose gel is associated with time in preservation. In newly collected insects (1 day) very bright bands were observed, whereas in older insects (23 years) the band intensity decreased or was absent (Fig. 1) .
DNA extraction was possible in all methods, with some important variations. Methods B and D amplified the genetic material of all microhymenopterans. These methods differ from the methods A and C by an additional period of freezing. Regarding the DNA extraction from old samples (23 years old), it is important to note that the amplification was possible due to the addition of a freezing period to methods A and C, however the intensity of the bands was relatively fainter in agarose gel in comparison to the bands from more recently collected specimens (Figure 1 ). It was possible to successfully extract DNA with all methods in insects collected under 12 years, except for method F.
The estimated times for each non-destructive DNA extraction method are listed in 
Discussion
In recently collected insects, from one day to four months, we obtained high quality DNA with 6 non-destructive extraction methods. The release of DNA may be happening through mouth, anus, spiracles, and possibly through some areas of thin cuticle (Gilbert et al. 2007 ). Even though the DNA molecule is chemically stable, it does not preserve well under all storage conditions (Lindahl 1993) . Results clearly show that, when isolating DNA, it is best to use recently collected insects. However, we found that it is possible to work with museum specimens up to 12 years old when preservation was done properly, preferably in 70 to 100% ethanol as suggested by Mandrioli (2008) . The hymenopterans under study were preserved for varying lengths of time, under varying conditions and using different preservation techniques, but all specimens were preserved in highly concentrated ethanol solution (even Gonatocerus) and were dryed after one month of being collected in the field. Unfortunately, dry museum specimens produced a thinner and fainter PCR band ( Fig. 1) , which was indicative of a low number of COI amplified copies due to degradation of DNA in the post-mortem storage conditions of these insects, possibly as a function of hydrolytic and oxidative decomposition, as proposed by Lindahl (1993) . Consequently, the probability to obtain long (i.e. >600 bp) PCR amplicons is much lower for museum D r a f t 15 specimens by effect of long-term preservation, which result in DNA of low quality for sequencing.
Only methods B and D, with an additional freezing step, show amplicons of COI region (Folmer et al. 1994 ) from 23 years old specimens, even though recovering a full length DNA sequence was not possible We suggest trying the "mini-barcode" sequence to overcome these problems, because it proved useful in the sequencing of DNA from museum samples (Shokrolla et al. 2011; Lis et al. 2012; Meusnier et al. 2008 ). Another possibility is trying next generation sequencing methods such as RAD-tag (Tin et al. 2014) or targeted sequencing (Prosser et al. 2016) , which allowed the sequencing of degraded DNA. It is a fact that the success in obtaining full-length barcodes from old museum specimens (i.e. > 10 years-old dried pinned insects) is almost always significantly lower than that from fresh samples of the same species (Shokrolla et al. 2011) . It has been noted that during the cycles of freezing and thawing the cells are subject to cold osmotic shock and cell membrane ruptures (Moussa et al. 2008) , which may facilitate the diffusion of DNA molecules out of the cell compartments. According to Almeida et al. (2012) On the other hand, faint PCR bands, could be the result of DNA degradation, since DNA can be affected by storage conditions such as temperature, pH, exposure to UV radiation, or may have been degraded simply due to age. These factors are important for successful DNA sequencing; hence, when choosing a preservation method, it is important to consider such conditions to prevent enzymatic, chemical or physical breakdown of the nucleic acids (Lindahl 1993; Mandrioli 2008; Quicke et al. 1999) .
Another important factor to consider when choosing a methodology for DNA extraction is the time required to process the samples. Despite being effective, methodologies A, B, C and D took a much longer time, (14-26 hrs.) (Table 2) , whereas methodologies E and F produced PCR products in approximately 20 and 40 minutes, respectively.
Beside the differences in each DNA extraction method, we also found differences in the final specimens' morphological state, such as discoloration of the exoskeleton, transparency of the internal contents or stiffness in the specimens in comparison to the negative control.
It is likely that the chemicals in A, B, C, and D methods caused this exoskeleton discoloration. These methods are more tedious and labor intensive than procedures E and F, which require soaking the specimen in buffer and a subsequent incubation.
D r a f t
Exoskeleton discoloration due to DNA extraction represents an advantage in the subsequent process of mounting the insects in slides, as in T. pretiosum and Anagrus.
Methodologies A and B reduce the time for slide preparations, because after extraction the insects' cuticle and internal tissues are both clarified. Therefore, after the extraction of DNA the insect can be directly immersed in clove oil, eliminating the discoloration and dehydration steps (Fig. 2) . In contrast, methodologies C and D do not reduce time in the slide preparation even when they clarify the exoskeleton, since they do not clear the insect internally (Fig 3) . After using these methods it is necessary to place the specimens in KOH 10% for about six hours and follow all the steps of the standard process. When using these two techniques the specimens also become stiff, making it difficult to place the body flat on the slide and to spread the wings open. Methods E and F are the most suitable when preserving the wasps by mounting on card points, because they do not change the color of the exoskeleton.
In summary, the vast numbers of species to be barcoded require the use of specific methods to allow the morphological examination of voucher specimens, which is a key requirement for DNA barcoding and classical workflows. The six methods described here can be used in microwasps, but we conclude that the researcher must choose which is the adequate method for his/her investigation. The best decision will depend on how old the biological materials are, specimen size, and whether the specimens will be returned to a D r a f t 18 scientific collection on card points or preserved on permanent slides for identification. It is important to note that the affinity of the primers used in the study may be different across species and that molecular evolution may have affected the gene sequence targeted by the primers. This is an issue that should be addressed in further investigations. In this paper we addressed the issue of isolating nucleic acids without destroying the specimens; however, the affinity of the primers on aging DNA was not tested, nor was the molecular changes along specimen age in any particular genera. In terms of time, only E and F methods were found to have great advantages. In the future, it will be convenient to test other methods for 
